Controlling the heat, generated during the cutting process, is an important factor in improving the quality of the product and performance of the machining. A vortex tube was employed to evaluate the eects of cooling on the turning parameters. Various cutting parameters (100 m/min, 250 m/min and 400 m/min) together with various cooling temperatures (4
Introduction
During the machining of a work piece, most of the energy is converted to heat due to the shear stresses. Therefore the heat which is generated in the cutting zone has a great importance in terms of performance and quality of the work piece in the machining process. Although, the use of the cutting liquids improves the cooling performance, it increases the cost of production and has really harmful eect on environment. Due to these reasons, the necessity for nding out dierent cooling techniques gradually increases. Especially the studies on sustainable manufacturing have increased in recent years. One of such cooling methods is the vortex tube cooling system. Vortex tube is a simple, compact, light and quiet device, which can separate an incoming compressed gas stream of uniform temperature into two streams, one warmer than the inlet stream and the other colder than the inlet stream. Such separation of the gaseous uid stream into two dierent streams of higher and lower temperatures is referred to as temperature (energy) separation eect.
Ranque invented the vortex tube and reported about the energy separation. Later Hilsch published systematic experimental results of this eect. Since then, this phenomenon has attracted many scientists. Various theories have been proposed to explain this phenomenon by experimental, analytical and numerical studies. Hilsch suggested that the expansion of air from high pressure near the wall to low pressure near the axis generates a velocity gradient in radial direction which results in transfer of kinetic energy by the viscous force from the inner uid layers to the outer uid layers [1, 2] . A Ranque-Hilsch * corresponding author; e-mail: semihyuksel@yandex.com Vortex Tube (RHVT) consists of one or more inlet nozzles, a vortex chamber, a cold-end orice, a hot-end control valve and a tube. Special internal congurations of the designed vortex chamber combine eects of pressure and accelerated air, leading to a high rate of rotation [3] .
The vortex tube can be applied to many industrial applications such as cooling system of CNC machines, refrigerators, cooling suits, heating process, etc. Since, it has no moving parts, it does not break or wear and therefore it requires little maintenance [4] . A schematic view of vortex tube is shown in Fig. 1 . Chilled air, generated by a vortex tube (VT), has been investigated as an alternative cooling method for ecient heat dissipation in machining [5] . Aronson tested VTs in high-speed drilling and reported that VT cooling may improve the tool life by ten times [6] . Liu and Hou applied VT cooling in steel turning and claimed that VT cooling may reduce crater wear, ank wear, and the ank wearrate [7] . Choi et al. reported that VT cooling is capable of reducing surface roughness and generating compressive residual stresses at the workpiece surface in cylindrical grinding [2] . Nguyen and Zhang combined VT cooling and oil mist during surface grinding and demonstrated that a small amount of vegetable oil adds lubrication to cold-air cooling and improves the material removal rate under identical part quality constraints [8] .
(881) In this experiment three dierent cutting tools with varying radii were used for the CNC turning of low alloy chromium molybdenum steel (42CrMo4) specimen, having a diameter of 50 mm and a length of 120 mm.
The machining was performed under the conditions of constant depth of the cut (2.5 mm).
The other machining parameters (feed, cutting speed, cutting temperature and tool geometry) are shown in Ta The data were optimized by means of response surface methodology in Minitab program. The graphics were created by using the acquired data. The temperature attained through the use of vortex tube and surface quality were examined. The tool temperature was measured via FLIR E7 thermal camera during the cutting process.
The measurements performed in this way were computerized and saved as cutting force data. Surface roughness measurements were conducted on the work piece. The mean value of three measurements was used in the analysis. Then the response surface method was employed by
Minitab program using Eq. 1.
Where, Y u represent surface roughness, cutting force and temperature, X iu are coded values of the machining parameters, k is number of machining parameters and b 0 , 
Where, b are regression Coecients, X is calculation ma- Table II .
The experimental data was converted to Minitab Software format and optimized via the Response surface method. Then, the full factorial results of experiments were predicted using optimization results, and the results were used for construction of surface parameter graphics. 
Conclusions
The general conclusions drawn from the study are summarized below:
When the same machining parameters were used, the maximal improvement in surface roughness was found to be 37% in the case of vortex tube utilization at 4
• C compared to machining at 20 • C.
When the same machining parameters were used, the dierence in cutting force as small as 1% was observed. It was concluded that temperature changes obtained through the use of vortex tube have a very slight eect on the cutting force.
When the same machining parameters were used, the temperature generated between the cutting tool and the work piece was reduced by 125% in the case of vortex tube utilization at 4
• C, compared to machining at 20 • C. When feed rate increases, feed force also increases under the conditions of constant cutting speed.
When feed rate increases, the temperature of the cutting tool also increases under the conditions of constant cutting speed. The temperature changes in accordance with the used tool's edge type.
When the tool's edge radius was reduced, the surface roughness has increased under the conditions of constant cutting speed.
